Introduction
One of the specific endocrine functions of the rat placenta is the production of placental lactogens (Kelly et al., 1975; Robertson et al., 1982; . At least two placental lactogens, possessing distinct biochemical characteristics, are produced during the development of the choriovitelline and chorioallantoic placentas of the rat . The production of placental lactogen-1, a high molecular weight protein, coincides with the predominance of the choriovitelline placenta (midgestation), whereas placental lactogen-2, a low molecular weight protein, coincides with the predominance of the chorioallantoic placenta (second half of gestation). reported that the choriovitelline and chorioallantoic placentas contributed to the production of both types of placental lactogen. Trophoblast giant cells are components of the choriovitelline and chorioallantoic placentas and are capable of producing both types of placental lactogen .
To understand better the ontogeny of placental lactogen production in the chorioallantoic placenta we have investigated the behaviour of trophoblast cells isolated from the primordia of the placental labyrinth and compared them with the behaviour of mature trophoblast giant cells. Several reports have demonstrated morphological differentiation of the mouse chorioallantoic placenta after transplantation to extrauterine sites (Kirby, 1964; Carr, 1977 Carr, , 1979 Rossant & Ofer, 1977; Tutton & Carr, 1984) and after culture in vitro (Ilgren, 1981; Johnson & Rossant, 1981; Rossant & Tamura-Lis, 1981) but no one has reported differentiation of functional indices of the chorioallantoic placenta. We have therefore examined the functional differentiation of trophoblast cells isolated from the primordia of the placental labyrinth.
Materials and Methods
Animals, dissection ofembryos, and trophoblast cell cultures. Adult Sprague\p=n-\Dawley rats were obtained from TIMCO breeders (Houston, TX), and SASCO breeders (Omaha, NE). The rats were kept in a light schedule of 14 h light and 10 h darkness (lights on at 07:00 h) and had unrestricted access to food and water. Female rats were housed with Sprague\p=n-\Dawley male rats and checked every morning for the presence of a copulatory plug (designated Day 1 of pregnancy).
Embryos with their encapsulating decidual tissue (conceptuses) were dissected from the uteri of rats on Day 13 of pregnancy. Conceptuses were then dissected with the aid of a dissecting microscope ( 10-20 magnification). The tissues were collected into and washed with Hank's balanced salt solution without Ca2 + and Mg2 + . Decidual tissue encapsulating each embryo was removed with fine forceps. Chorioallantoic trophoblast giant cells were separated from the underlying labyrinth by gentle teasing with 21-gauge needles according to the procedure of Jenkinson & Owen (1980) . This is not an absolutely clean separation in that there are labyrinth cells that remain with the chorioal¬ lantoic trophoblast giant cells; however, the underlying labyrinth tissue is devoid of any giant cells. Choriovitelline trophoblast giant cells adherent to Reichert's membrane were isolated with fine forceps from the remaining conceptus . Trophoblast giant cells from both regions were further enriched by enzymically treating them with a neutral protease (Dispase, grade II; Boehringer Mannheim Biochemicals, Indianapolis, IN). Trophoblast giant cell expiants from 15-20 embryos were placed into a 15-ml conical tube containing 5 ml of the protease solution (4-8 mg/ml phosphate-buffered saline, PBS). The conical tube was then placed into a 37°C water bath and gently agitated for 10-15 min. At the end of the incubation the cells were gently disrupted by aspiration with a Pasteur pipette. The cells were then allowed to settle by gravity for 2-3 min, the buffer removed, and the cells resuspended with PBS. This washing and resuspension procedure was repeated three times. The buffer was finally aspirated and 8 ml NCTC-109 culture medium (M. A. Bioproducts, Walkersville, MD) supplemented with 10% heat-inactivated fetal calf serum (Grand Island Biological Company, GIBCO, Grand Island, NY), penicillin (100 units/ml; GIBCO), streptomycin (100µg/ml; GIBCO), and L-glutamine (135-7 µg/ml) were added. The cells were evenly suspended and apportioned into four 35 10 mm dishes (2 ml/dish). Culture dishes were placed in an incubator with a controlled environment of 95% air/5% C02 at 37°C. The enzymic treatment effectively releases the contaminating cells which do not sediment as rapidly as the trophoblast giant cell aggregates. Expiants from the labyrinth area of the chorioallan¬ toic placenta, free of trophoblast giant cells, were treated enzymically as described above. Instead of the settling procedure, the dissociated cells were centrifuged at 200 g for 5 min. The remainder of the procedure was identical to that described for the trophoblast giant cells.
The culture media were changed at 48-h intervals. Spent culture media were stored frozen at -20°C for later analysis. The cultures were ended after 10 days. The cells were then solubilized in extraction buffer (0-5 ml/dish; 0-05M-Tris, pH 70, 8 M-urea, 1% sodium dodecyl sulphate, 0-01% phenylmethylsulphonyl fluoride (PMSF), 1% ß-mercaptoethanol), precipitated with 2 ml 20% trichloroacetic acid, incubated for 1 h at 4°C, and centrifuged at 2000 g for 20 min. The pellets were dissolved in 01 N-NaOH, heated at 90°C for 20 min, and centrifuged at 2000 g for 20min. The protein content of the supernatants was determined by the method of Lowry et al. ( 1951) . Each experiment was conducted with a minimum of 3 replicates and repeated 3 times. Histological examination of trophoblast cells. Trophoblast giant cell and labyrinth cell cultures were established as described above except that the cells were plated on glass coverslips placed in the bottom of 35 10 cm culture dishes. The cultures were terminated at various intervals during the culture period, fixed in 3% formalin-phosphate buffered saline (pH 7-0), stained with haematoxylin and eosin and mounted on glass slides. The slides were examined by light microscopy and representative areas were photographed.
Progesterone effects on production ofplacental lactogen. These were determined by the addition of progesterone at a concentration of 10~6 M in a vehicle of ethanol to trophoblast giant cells and labyrinth cells to cultures. The ethanol content of the culture media never exceeded 0-02%. Control cultures received the same concentration of the vehicle.
For these experiments the culture media were changed at 24-h intervals. The cultures were ended after 4 days. These are conditions previously shown to be effective for the mouse (Soares & Talamantes, 1985) . In an additional experi¬ ment we examined the effects of different progesterone concentrations on the production of placental lactogen by cultured labyrinth cells. For this experiment, the culture medium was changed at 48-h intervals for a 10-day culture period. The remainder of the protocol was similar to that described above. Each experiment was conducted with a minimum of 3 replicates and repeated 3 times.
Measurements ofplacental lactogen. The placental lactogen was measured with a prolactin radioreceptor assay. The assay was a modification of the procedure originally described by Shiu et a! (1973) . Briefly, the prolactin receptor source was liver membranes obtained from late pregnant rats according to the technique of Posner el a! (1974) . Ovine prolactin (NIAMDD-oPRL-15) was used for radioiodination and as a reference standard. Radioiodination was accomplished with the solid-phase radioiodination reagent, IODO-GEN (Pierce Chemical Company, Rockford, IL), as described by Markwell & Fox (1978) . The radioiodinated hormone was purified by gel filtration on Sephadex G-100 (column dimensions: 0-9 20 cm; Pharmacia Fine Chemicals, Piscataway, NJ). The specific activity of the radioiodinated ovine prolactin ranged from 30 to 50 µ /µ . The buffer for the assay was 25 mM-Tris-HCl, pH 7-6, containing 10mM-CaCl2 and 0-5% bovine serum albumin. The remainder of the procedure was similar to the procedure developed by Shiu et a! (1973) . The sensitivity of the assay was 0-25-0-5 ng/tube. Placental lactogen was measured directly from the spent culture media or gel filtration fractions without any prior treatment. The content of placental lactogen in the Day 13 tissues, used for the cell cultures, was determined after homogenization in 50 mM-Tris-HCl buffer, pH 8-2, containing 0-1 M-NaCl and 1 mM-PMSF. The homogenate was centrifuged at 3000 g for 20 min and supernatant fractions were stored at -20°C until assayed. The tissues were not subjected to the enzymic cell dispersion. Two trophoblast giant cell expiants or labyrinth primordia were used per determination and 12 separate determinations were performed on tissue obtained from 6 female rats.
Gelfiltration chromatography. Media from the labyrinth cultures were fractionated by column chromatography on Sephadex G-100 (Pharmacia) to determine the type of lactogen produced by the cells (Soares et a!, 1985) . The dimensions of the column were 1-5 92 cm and the elution buffer was 0-1 M-NH4HCO3-01 M-NaCl, pH 7-8. Elution fractions (2-5 ml) were analysed with the prolactin radioreceptor assay. The loading volumes for the chromatography experiments were 1 -5-2 ml. Each chromatography experiment was repeated at least 3 times. Placental lactogen-1 has a characteristic Ve/V0 = 1-5 and placental lactogen-2 has a characteristic Ve/V0 = 21 in this system (Soares et (Keppel, 1973) . The source of variation from significant F-ratios was determined with Dunn's Multiple Comparison test (Keppel, 1973) .
Results
The labyrinth cell cultures were devoid of any discernible trophoblast giant cell contamination on the day the cultures were set up and after 24 hours of culture. Giant cells were clearly present on Day 4 and became more prominent by Day 6 of culture (Fig. 1 ). At the time of dissection the content of placental lactogen in trophoblast giant cells isolated from the choriovitelline and chorioallantoic placentas was 1052-4 ± 58-4 ng/mg tissue protein and 465-3 ± 26-5 ng/mg tissue protein, respectively. Trophoblast giant cells isolated from the choriovitelline or chorioallantoic placentas produced placental lactogen. The cells showed a gradual decline in lactogen production over the 10-day culture period (Fig. 2a ). Lactogen output decreased significantly from Day 2 to Day 4 of culture and again from Day 4 to Day 6. The pattern of placental lactogen release during the culture period was similar for the choriovitelline (Fig. 2a ) and chorioallantoic (data not shown) trophoblast giant cells.
At the time of dissection the content of placental lactogen in the labyrinth cells was very low (13-0 ± 0-99 ng lactogen/mg tissue protein, or 3-7 + 0-3 ng lactogen/labyrinth, = 12). Cells from the labyrinth region showed minimal output of lactogen during the first 2 days of culture (Fig. 2b) . The production of placental lactogen increased significantly from Day 2 to Day 4 of culture, peaked on Day 6, and decreased significantly by Day 10 of culture. The output of lactogen on Day 6 of culture represented an 8-fold increase from the output on Day 2 and over a 100-fold increase from the initial content in the labyrinth at the time of dissection. The labyrinth cells produced exclusively the low molecular weight form, placental lactogen-2 (Fig. 3) .
Exposure of the labyrinth cells to progesterone significantly inhibited the output of placental lactogen on Days 3 and 4 of culture (Fig. 4) . Progesterone did not significantly affect the output by trophoblast giant cells isolated from the choriovitelline placenta (Fig. 4 ). The effect of progesterone was concentration-dependent, with a concentration of 0-25 µ proving to be the minimum effective dose examined (Table 1 ). In this experiment placental lactogen production in the control cell cultures increased about 7-fold from Day 2 to Day 8 of culture. 1-33 ± 008 1-23 ± 0-08 0-98 ± 009*t 0-81 ± 004* 0-69 ± 002*t
Values are mean ± s.e.m. Each value represents the mean measurement from 8 dishes.
"Values significantly different from control values, < 001. tValues significantly different from each other, < 001.
Discussion
Cells from the labyrinth region of the developing rat chorioallantoic placenta have the ability to differentiate in vitro into cells capable of producing placental lactogen. The labyrinth cells were isolated on Day 13 of gestation and initially contained minimal amounts of lactogen. Placental lactogen production increased progressively during the first 6 days the labyrinth cells were cultured. At the beginning, no 'giant cells' were observed in the labyrinth cultures, but by Day 4 of culture distinct 'giant cells' were apparent. The appearance of 'giant cells' and increased placental lactogen production may or may not be causally related. A detailed immunocytochemical analysis during the in-vitro differentiation period is greatly needed but will have to await the availability of antiserum to rat placental lactogen-2. Cotte et ai (1980) have reported that cytotrophoblast cells, isolated from human placentas of early gestation, undergo morphological and functional changes in culture consistent with the formation of syncytial trophoblast cells. Similarly, sheep trophoblast cells differentiate in vitro, showing an increase in placental lactogen production concomitant with the formation of binucleate cells (Steven et ai, 1980) . Binucleate cells are the source of lactogen in the sheep placenta (Martal et ai, 1977; Reddy & Watkins, 1978; Watkins & Reddy, 1980; Wooding, 1981) and syncytial tropho¬ blast cells are the source of lactogen in the human placenta (see Hoshina et ai, 1985 , for a review). These in-vitro differentiation processes appear to occur readily in serum-supplemented culture medium without the addition of any special factors (Cotte et ai, 1980; Ilgren, 1981; Rossant & Tamura-Lis, 1981; present study). The ability of trophoblast precursor cells to differentiate in vitro is therefore a common feature shared by at least two species of rodents, a ruminant, and a primate.
Trophoblast giant cells produce two types of placental lactogens (Soares et ai, 1985) , which differ biochemically and according to their temporal appearance during gestation (see 'Introduc¬ tion'). Trophoblast precursor cells isolated before Day 13 of gestation from blastocysts or the ectoplacental cone may differentiate in vitro into trophoblast giant cells capable of producing the high molecular weight lactogen, placental lactogen-1, that predominates at midpregnancy. Studies are currently in progress to answer these uncertainties.
The amounts of placental lactogen released by dissected trophoblast giant cells was consider¬ ably greater than the maximal amounts of placental lactogen released by differentiated labyrinth cells. This difference is undoubtedly related to the cellular composition of the cultures. The trophoblast giant cell cultures contained relatively few other cell types (non-trophoblast giant cells), whereas the differentiated labyrinth cultures were heterogeneous and contained a variety of cell types including syncytial trophoblast cells, trophoblast giant cells, and other unidentified cell types. Soares & Talamantes (1985) have shown that progesterone inhibits the production of placental lactogen by midpregnant mouse placental expiants which contained trophoblast giant cells and trophoblast precursor cells. In the present study we have demonstrated that progesterone selectively inhibited placental lactogen production by cultures undergoing differentiation but had no apparent effect on lactogen production by mature trophoblast giant cells. Since trophoblast giant cells are capable of producing progesterone (see Sherman, 1983 , for a review), then this modulatory action of progesterone may be seen as a negative feedback regulation of the formation of new placental lactogen-secreting cells. Additionally, the progesterone concentrations used in these experiments may not be unphysiological. The proximity of the trophoblast giant cells to the developing labyrinth cells may enable effective concentrations of progesterone to be reached. Although it is uncertain at present whether progesterone is a physiological regulator of labyrinth cell production of placental lactogen, the findings, nonetheless, may be of use for manipulating trophoblast cell behaviour in vitro.
